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The Technology of the National Ignition Facility 

E. I. Moses 

Lawrence Livermore National Laboratory 

Livermore, California 94551-0808, U.S.A. 
L-488, P. 0. BOX 808 

The National Ignition Facility (NIF), currently under construction at the University of 
California’s Lawrence Livermore National Laboratory is a 192-beam, 1.8-Megaj oule, 500- 
Terawat, 35 1-nm laser for inertial confinement fusion and high energy density experimental 
studies. NIF is being built by the Department of Energy and the National Nuclear Security 
Agency to provide an experimental test bed for the U.S. Stockpile Stewardship Program to 
ensure the country’s nuclear deterrent without underground nuclear testing. A number of 
significant technology breakthroughs have been achieved in the course of designing NIF. This 
presentation will discuss some of the technology challenges and solutions that have made NIF 
possible. 

1. Introduction 
The National Ignition Facility (NIF) currently under construction at the Lawrence 

Livermore National Laboratory (LLNL) will be a U. S. Department of Energy and National 
Nuclear Security Administration (NNSA) national center to study inertial confinement fusion 
and the physics of extreme energy densities and pressures. It will be a vital element of the 
NNSA Stockpile Stewardship Program (SSP), which ensures the reliability and safety of U. S. 
nuclear weapons without full scale underground nuclear testing. The SSP will achieve this 
through a combination of above ground test facilities and powerful computer simulations 
using the NNSA’s Accelerated Scientific Computing Initiative (ASCI). In NIF up to 192 
extremely powerful laser beams will compress small fusion targets to conditions where they 
will ignite and burn, liberating more energy than is required to initiate the fusion reactions. 
NIF experiments will allow the study of physical processes at temperatures approaching 100 
million K and 100 billion times atmospheric pressure. These conditions exist naturally only in 
the interior of stars and in nuclear weapons explosions. 

2. A Description of NIF 
The National Ignition Facility is shown schematically in Figure 1. NIF consists of four 

main elements: a laser system and optical components; the target chamber and its 
experimental systems; an environmentally controlled building housing the laser system and 
target area; and an integrated computer control system. 

NIF’s laser system, the heart of the facility, features 192 high-power laser beams. 
Together, the laser beams will produce 1.8 million joules (approximately 500 trillion watts of 
power for 3 nanoseconds) of laser energy in the near-ultraviolet (35 1 nanometer wavelength). 
This can be compared with the energy that was available in the Nova laser, which was 
operated at LLNL between 1983 and 1999. Nova was configured with 10 laser beams, each of 
which produced approximately 4.5 kilojoules of energy. Currently the largest operating laser 
is the Omega Laser at the University of Rochester’s Laboratory for Laser Energetics. Omega 
consists of 60 laser beams delivering a total of 40 kilojoules of energy. Figure 2 shows one of 







Figure 3. The photograph on the left shows an amplifier used on Beamlet, the scientific 
prototype of NIF. The illustration on the right shows the NIF 2 x 4 amplifier in cutaway view. 

crystal, made of potassium dihydrogen phosphate (KDP). When combined with a polarizer, 
the PEPC allows light to pass through or reflect off the polarizer. The PEPC will essentially 
trap the laser light between two mirrors as it makes four one-way passes through the main 
amplifier system before being switched out to continue its way to the target chamber. The 
PEPC consists of thin KDP plates sandwiched between tow gas-discharge plasmas that are so 
tenuous they have no effect on the laser beam passing through the cell. Nonetheless, the 
plasmas serve as conducting electrodes, allowing the entire surface of the thin crystal plate to 
charge electrically in about 100 nanoseconds so the entire beam can be switched efficiently. 
Figure 2 shows a protcitype 4-cell PEPC (optical switch) that will be stacked vertically in a 
single unit called a line-replaceable unit. 

There are many other parts of NIF that are not covered in detail here. All major laser 
components are assembled in clean modules called line-replaceable units or LRUs. These 
LRUs contain laser opl.ics, mirrors, lenses, and hardware such as pinhole filters assemblies. 
All LRUs are designed to be assembled and installed into NIF’s beampath infrastructure 
system, the exoskeleton of NIF, while maintaining a high level of cleanliness required for 
proper laser operation. Our industrial partner, Jacobs Facilities, Inc. is responsible for the 
installation, integration, and commissioning of the NIF laser beampath infrastructure, which 
will ensure that the laser maintains the required cleanliness levels throughout the installation 
and commissioning phase of the Project. 

The NIF target area consists of the 10-meter diameter high-vacuum target chamber shown 
in Figure 4. The target chamber contains a large number of laser entry ports as well as over 
100 ports for diagnostic instrumentation and target insertion. Each port allows a quad of 4 
laser beams to be focused to the center of the target chamber through a final optics assembly 
(FOA). The FOA is a precision optical assembly containing beam smoothing gratings, 
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Figure 4. NIF’s 1 0-mleter diameter target chamber mounted in the target bay and viewed 
from below. 

additional KDP and deuterated KDP plates for second and third harmonic generation to 
convert the infrared laser light into the ultraviolet, the final focus lens, debris shields and 
vacuum gate valve for each beam. The NIF target chamber and final focusing system has been 
designed with maximum flexibility for experimental users. During initial operation, NIF is 
configured to operate in the “indirect drive” configuration, which directs half the laser beams 
into two cones in the ulpper and lower hemispheres of the target chamber. This configuration 
is optimized for illuminating fusion capsule mounted inside cylindrical hohlraums using x- 
rays generated from the: hot walls of the hohlraum to indirectly implode the capsule. NIF can 
also be configured in a *‘direct drive” arrangement of beams, by moving some quads of beams 
from the upper and lower hemispheres into a more symmetric arrangement of beams. Direct 
drive ignition requires better energy and power balance between laser beams and better beam 
smoothing and focusing but the simpler geometry makes direct drive inertial confinement 
fusion mor ly producing a power production 



3. NIF Project Status 
NIF is currently four years into its construction. Figure 5 shows a recent aerial photograph 

of the NIF site. The conventional building construction is nearly complete. The 8,000 square 
foot class- 100 clean room Optics Assembly Building is undergoing commissioning of LRU 
assembly, handling and transport equipment. Both large laser bays are operating under class- 
100,000 clean room protocols. Over 1500 tons of beampath infrastructure have now been 
installed in the laser bays. The NIF Project is now entering the installation and commissioning 
phase over the next few years. First light, which is defined as the first quad of four laser 
beams focused to target chamber center is scheduled for June 2004. Full completion of all 192 
laser beams is scheduled for September 2008. In the time between first light and project 
completion, approximately 1 500 experiments in support of the SSP, inertial confinement 
fusion, high- energy-density physics, weapons effects, inertial fusion energy, and basic 
science will have been performed. 

After project completion, NIF is expected to provide approximately 750 shots per year for 
a wide variety of experimental users. Recently NIF was designated as a National User Facility 
with the support of the NNSA Office of Defense Programs. A National User Support 
Organization is now being put in place to provide the necessary interface between the user 
communities and the national NIF Program. The first Director of NIF is Dr. George H. Miller. 
fkom LLNL, who also serves as the Associated Director for NIF Programs at LLNL. 



4. Conclusions 
The National Ignition Facility has come a long way since the first DOE critical decision in 

January 1993 affirmed the need for NIF and authorized the conceptual design process. In that 
time NIF has met every scientific and technical challenge and is now in the final stages of 
design and construction prior to commencing installation of the 192 laser beams. By 2004 this 
unique facility will be providing the first glimpses of conditions heretofore only found in the 
most extreme environments imaginable under repeatable and well-characterized laboratory 
conditions for the benefit of national security and science. 
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